While the impact of arsenic in irrigated agriculture has become a major environmental 29 concern in Bangladesh, to date there is still a limited understanding of arsenic in 30
Introduction 45 46
Rice is elevated in inorganic arsenic compared to all other dietary staples (Meharg et al., 47 digestion. Then, 2.5 ml of hydrogen peroxide was added to the sample just before digesting 131 and the sample was heated on the block digester for 1 h at 80°C, for 1 h at 100°C, for 1 h at 132 120°C, and finally, at 140°C for 3 h until the solution was clear. Once cooled, the digested 133 soil samples were transferred into 15 ml polypropylene tubes and each glass tube was 134 thoroughly rinsed 3 times with ultrapure deionized water (Milli-Q 18.2 MΩ). The volumes 135
were made up to 15 ml mark using the same water. To obtain the appropriate dilution for 136 analysis by inductively coupled plasma-mass spectrometer (ICP-MS) and microwave plasma-137 atomic emission spectrometer (MP-AES), the samples were further diluted to 1 in 10. 138
Calibration standards were prepared from 1000 mg/l multi-element stock solutions (SPEX 139 CertiPrep Reference Material). 140 141
Chemical analysis 142
The pH of the soil samples were measured at a soil:water (deionized water) ratio of 1:2.5 143 (Huq and Alam, 2005) . The ICP-MS (Agilent Technologies 7500c, Japan) was used to 144 determine the total concentrations of arsenic, cadmium, cobalt, copper, chromium, lead, 145 manganese, molybdenum, nickel, phosphorus, and zinc in the soil digests and the MP-AES 146 (Agilent Technologies 4100 Series, USA) was used to determine the total concentrations of 147 aluminum, calcium, iron, magnesium, potassium, and sodium in the soil digests. In each 148 batch of digestion, ten percent of the total number of samples were selected randomly for 149 duplicate analysis (n =172). Every batch of samples consisted of 33 randomly selected soil 150 samples, 4 duplicates, 1 blank, and 1 soil CRM (certified reference material) (NCS ZC 73007, 151
China National Analysis Center for Iron and Steel), which were randomized prior to chemical 152
analysis. 153 154

Soil mapping 155
The data used to perform the mapping of arsenic in paddy soils across Bangladesh included 156 the 1209 paddy soils analyzed in this study as well as 395 soil arsenic concentrations from 157 previous studies (Williams et 
Results and Discussion 167
The CRM recovery for arsenic (13.9 ± 0.09 mg/kg, 77.1%, n = 47, Table S2) is comparable to  168 other studies using the same methodology (for example, Lu et al., 2010) . 169
170
To develop a soil arsenic map of the sampled soils, all paddy soil sampling locations within a 171 10 km 2 grid were averaged (Fig. 1) . Individual locations and sampling densities are shown in 172 arsenic concentration. This is probably due to the source of irrigation water used in this 181 south-east region, where the main irrigation method is from surface water rather than 182 groundwater (Fig. S2) . When comparing the arsenic concentrations in the paddies that have 183 been irrigated with groundwater and surface water across Bangladesh, there was a 184 significant difference ( ANOVA F = 26.23, p < 0.001) in the soil arsenic concentration (Fig. 2) . 185 Soils irrigated with groundwater had on average an arsenic concentration of 8.5 mg/kg 186 which was significantly higher than the soils irrigated with surface water, which had an 187 average arsenic concentration of 5.7 mg/kg. As the samples were collected from different 188 geomorphic regions, these results could be confounded by the underlying geomorphology. paired non-paddy and paddy soils from major physiographic units of Bangladesh were 248 analysed ( Fig. 4 and Fig. S4 ). For the paired analysis of paddy soils and non-paddy soils, all 249 elements were found to be statistically different between the two soil types, except for 250 calcium and phosphorous. All the other elements, except manganese, were higher in the 251 paddy soils compared to the non-paddy soils (Fig S4) . There was a significant relationship for 252 soil arsenic between the paddy and non-paddy soils ( linear regression R 2 = 0.26, p < 0.001, n = 253 235) (Table S3 ). The slope of the overall regression (for all soils) was 1.6:1 for paddy:non-254 paddy, which indicates a general increase in arsenic of 60 percent in the paddy cultivated 255 soils. The soils from the floodplains and bils (low-lying floodplain) followed a similar pattern 256 as the overall regression regardless if they are from the Brahmaputra, Ganges or Meghna 257 floodplains. Pleistocene terrace soils stand apart and do not follow the overall regression, 258 being both on average lower in arsenic, and having less arsenic accumulation in paddy soils 259 seen for all elements tested (Fig. 5) . However, it was only for arsenic that paddy soils moved 296 away from a 1:1 relationship, and groundwater is specifically only elevated in arsenic to any 297 significant extent (BGS/DPHE, 2001) with respect to levels already found in soil. This is 298 further evidence, that it is groundwater irrigation per se, rather than other aspects of field 299 management, such as fertilizer and manuring practices, that perturb paddy soil arsenic 300 levels compared to non-paddy soils. The depletion in macro-nutrients in Pleistocene 301 sediments, particularly the alkaline earths calcium and magnesium, is most apparent. 302
Arsenic is also positively correlated (r = 0.3, p < 0.001) with soil pH (Fig. S5) arsenic and other elements, the soils cluster into Pleistocene and Holocene using the first 351 and second components (Fig. 7, Table S5 ). There is some overlap in the middle but this is 352 expected perhaps as the large scales at which physiographic regions are drawn will miss the 353 fine detail on the ground. This is further confounded by the lensing of old soils over new and 354 with the sediment depositional environment also being highly active (Polizzotto et 
